They are then slowly and uniformly lifted in a vertical position from the bath, the excess collodion being removed by the combined effects of drainage and surface tension. The impregnated papers are then plunged into sterile distilled water to gel the collodion.
To obtain a wide range in pore size, solutions containing from 0.5 to 8.0 per cent nitrocellulose (Eastman Kodak Company) by weight in glacial acetic acid may be used. To obtain reproducible results these solutions must be allowed to stand at least one month before they are employed or be "aged" by heating for several hours at 90 to 95°C. After this time the viscosity of the solutions remains constant.
The membranes must be repeatedly washed with sterile distilled water to remove the acetic acid. The presence of acid within the pores may cause proteins to precipitate during filtration and therefore it is advisable to wash the membranes a number of times with sterile 0.1 per cent Na2CO3 solution before filtering the virus suspensions.
In ultrafiltration studies it is assumed that the membrane acts as a sieve, composed of a large number of extremely fine capillaries at right angles to the filtering surface. By determining the rate of flow of water under standard conditions through the membrane it is possible to calculate the pore size by means of Poiseuille'slaw which is expressed in the following equation: The values obtained from rate of water flow represent a reliable criterion of the reproducibility of membranes prepared by any method and probably closely approximate the average pore size. In the calibration of the membranes by this method it is necessary to support the ultrafilter on a finely perforated metallic disc to prevent undue strain an the collodion membrane with resulting collapse of the pores.
In a series of experiments in which the membranes were supported on discs having a circular opening 1, 2, and 3.0 cm. in diameter, respectively, the rate of flow increased approximately in the ratio of 1: 3: 5, rather than in the ratio of filtration surface (1:4:9). Somewhat closer agreement was obtained with less permeable membranes.
The support finally adopted for the membranes has 24 openings, each 0.24 cm. in diameter. Only a small difference is noted between the rate of flow per unit area through this disc and the rate of flow through the disc provided with a single opening of 1.0 cm. in diameter. However, higher filtration pressures can be used with the perforated plate support and this with less strain on the membranes than is the case when one uses a plate with an equivalent single opening.
The rate of flow through the different membranes was determined for positive pressures ranging from 2.5 to 15.0 cm. Hg. A straight line relationship between rate of flow of water and filtration pressure was obtained. It is advisable to apply a pressure of 15 cm. Hg. for a period of several minutes before starting a test in order to obtain good contact between the membrane and the supporting disc. This tends to prevent leakage between the surfaces of the membrane and disc. Thereafter the rate of flow of water through the membranes can be more accurately determined for a given range of pressures.
Some investigators claim that certain viruses pass through a filter more readily when suspended in broth. This may be true for porcelain filters, but studies on the rate of flow of broth through collodion membranes indicate that the proteins in the broth markedly clog the pores of the membrane.
By the use of a series of colloidal sols it is possible to determine In the filtration of virus suspensions the rate of flow decreases rapidly, due to adsorption or the deposition of a protein layer in the pores as well as on the surface of the membrane. This can be prevented to some extent by constantly stirring the suspension during ultrafiltration. In many cases, especially when organic colloids are used, filterability is increased if the surface tension of the dispersion medium is depressed by means of sodium ricinoleate or other surface tension depressants.
The conception of a mechanical sieve action for the filtration of colloids through these membranes is in itself untenable but we are probably justified in comparing the results obtained in ultrafiltration of the viruses with those of known colloidal suspensions. In studies such as these one must bear in mind the possibility that the virus may actually pass through denser membranes, but in concentrations which are not sufficient to yield a positive biological test of its presence. This greatly reduces the delicacy of any ultrafiltration procedure employed with the idea of determining the actual particle size of a given virus. For this reason determinations such as these can only indicate that the particle size of the virus is actually less than the diameter of the pores of the membrane through which it is found to pass. With increase in purity of the virus suspension filterability is appreciably increased and progressively smaller values are obtained for the size of these agents. This is clearly shown if one reviews the literature on the determination of the size of bacteriophage by ultrafiltration methods. Krueger and Schultz (1929) in ultrafiltration studies on the virus of poliomyelitis found that this agent possesses a magnitude not greater than 300 ;qz.
In the studies which we are now reporting the lipoids and some of the protein in the virus suspensions were removed by ether extraction using the following method: A weighed portion of the cord and medulla from a poliomyelitis monkey which had succumbed to complete flaccid paralysis is finely ground with pyrex glass in a mechanically driven mortar. Enough phosphate buffer solution (pH 7.4) is added to facilitate proper grinding. After the desired degree of dispersion is obtained, the material is suspended in a measured volume of the phosphate buffer and made up to a 5 per cent suspension. The coarser particles are allowed to settle in the ice box for about one hour. The supernatant fluid is then centrifuged at about 1250 r.p.m. for fifteen minutes. This clarified liquid is placed in a glass stoppered bottle with an equal volume of ether and mechanically shaken for one-half hour. On standing in the ice box the mixture separates into 3 layers consisting of (1) With this semi-purified suspension of the virus we have been able to obtain repeated "takes" in monkeys with filtrates through 3 per cent membranes. Filtration through these membranes was either facilitated by mechanical stirring or by the addition of sodium ricinoleate, which served to decrease the surface tension of the virus suspension. It was noted in these studies that at least 40 to 50 cc. should be filtered. Since the concentration of virus in the first portion of the filtrate is materially decreased by adsorption, the first 10 to 20 cc. should be discarded.
Our results thus far indicate that the magnitude of this virus is below 110 uuI when based on permeability of the membranes to water, or 50 ,uu when based on permeability to colloidal particles. If the permeability of the membranes to water is tested before and after 10 cc. of the virus suspension have been filtered a marked decrease in permeability is noted. This therefore indicates that if only the last portion of the filtrate is tested we are justified in assuming that the magnitude of the virus is somewhere below 50 u&I in diameter. The actual size of the virus may lie considerably below this value, since at this stage it is impossible to eliminate the possibilities of the virus being adsorbed to proteins or other colloidal aggregates. Further purification and ultrafiltration studies are in progress.
These filtrations were carried out under aseptic conditions and neither aerobic nor anaerobic cultures from the filtrates revealed the presence of streptococci or other micro6rganisms. Nevertheless, typical symptoms of experimental poliomyelitis were produced in monkeys following the injection of these filtrates. SUMMARY A simple procedure is described for the preparation of aceticcollodion membranes for ultrafiltration studies, and the principles of ultrafiltration are discussed. Results in our hands indicate that the magnitude of the virus of poliomyelitis lies below 50 UAg in diameter.
